Résume -Un modèle analytique simple décrivant l'écoulement stationaire dans l'embouchure d'un instrument à anche simple est développé. Des mesures préliminaires du débit non-stationaire sont présentées pour une valve oscillante (type orgue) et une anche de clarinette. Dans les deux cas le flux induit par le mouvement de l'anche est observé.
-Introduction
Minor modifications of a mouthpiece's geometry may strongly affect the stationary sound production and the transient behavior of single-reed music instruments such as the clarinet or the reed organ pipe /l/. The aim of our present research is to explain such effects. In a previous paper /2/ we proposed a theoretical model for the stationary flow through the narrow channel between the reed and the mouthpiece (Fig.l) . The model was based on numerical simulations. Detailed flow visualization and Laser Doppler velocity measurements have been carried out /3/ on a two dimensional model of the mouthpiece (Fig.l) . Based on these new data an improved analytical model has been developed. Details of the measurements and of the theory are given by van Zon /3/. We give here a short summary of the results and we compare the measured volume flux <j> for a two dimensional model and a clarinet with our theory. Some preliminary results are presented for the non-stationary flow through a valve (organ pipe reed) and an artificially blown clarinet.
-Flow in the inner part of the mouthpiece
Due to the abrupt transition from the narrow reed channel (height h) to the inner part of the mouthpiece (Diameter D), flow separation will occur for sufficient high Reynolds numbers Re = (j>j{yw) > 10 (i^is the kinematic viscosity of air and w is de effective width of the aperture of the reed channel.). A free jet will be formed in the mouthpiece. For large values of D/h > 10 typical for single reed music instruments we may neglect the pressure recovery upon deceleration of the flow in the mouthpiece. Hence the pressure p in the mouthpiece will be uniform and equal to the pressure at the end of the reed channel. Measurements confirmed this assumption /3/. The pressure variation over the mouthpiece was less than 3% of the dynamic pressure in the jet.
-Low and high Reynolds number limits
For low Reynolds numbers (Re<10) and long reed channels (L/h>10 , L is the the length of the reed channel, i.e. the thickness of the mouthpiece wall) the flow is well approximated by a fully developed Poiseuille flow /4/. As p and the reservoir (mouth) pressure p are uniform while w > L the flow is normal to the mouthpiece wall and two dimensional. The Poiseuille limit of the volume flow is given for a uniform reed channel height by:
(1) Where p is the density of the air.
q
In the limit of high Reynolds numbers and short channel (Re h/L>10 ) the volume flux can be estimated by assuming a uniform flow in the reed channel and by applying Bernoulli's equation. If we ignore the possible flow separation at the entrance of the channel we find:
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As noted in our earlier paper /2/, when the edges at the entrance of the reed channel are sharp flow separation will occur and a free jet will be formed in the reed channel. For short reed channels (L/h < 3) no reattachment of the flow will occur in the channel and the volume flow 4 will be given by:
where a is the contraction coefficient. For typical mouthpiece geometry we expected that 0.5 < a < 0.611
121.
From experiments we find a = (0.45 * 0.05) (see data for L/h < 3 in Fig.2 ).
-Intermediate flow
Numerical calculations /2/ and measurements /3/ (flow visualization and Laser Doppler velocity measurements show that for long channels ( L/h > 4) after a distance S of the order of the reed channel height reattac 1 ment of the flow occurs. This is due to momentum transfer by viscosity from the jet to the separation region. We assume that at the reattachment point the equation of Bernoulli is valid and the pressure is uniform across the channel. This implies that the flow at a distance x=S from the channel entrance is uniform. The transition from this uniform flow to a Poiseuille flow can be described by a boundary layer flow. We assumed the velocity u in these boundary layer of thickness 6(x) to increase linearly with the distance y from the wall. The uniform main flow velocity U is given by Bernoullis' equation and the assumption of a uniform pressure p(x). The integral conservation laws for mass and momentum (von Karman equation /4,5/) can be integrated analytically:
For the critical value b = 6,/h = (4/9)[1-(5/32)1/2] the volume and momentum flux of the boundary layer flow is equal to that of a Poiseuille flow. For 6(L) 5 bc:
6(L) can be calculated for given (po-pm) by eliminating 4 from equation (4) by using equations (5) and (2).
For x=L this yields an equation for 6(L) which we can solve numerically. As initial value in an iteration procedure to calculate 6(L) one can use the guess 6(L) = (12 L h w In other cases (6(L)>JC) after a distance x=lc given by 6(lc)=bC we have a Poiseuille flow and q5 is given by:
where: 12c 1-6 h4(24c-1 (po-prn) 112
and:
where 6=6,/h.
In Fig. 2 we compare our theory with volume flow measurements (data for L/h > 4 ). We see that for two dimensional models of a clarinet mouthpiece as shown in Fig.1 , the experimental data agrees within 3% with the theory for Re < 4000 if we assume that S=2h. At higher Reynolds numbers the flow is likely to be turbulent and our theory is not valid any more /4/. The measurements on an actual clarinet mouthpiece agree qualitatively with the theory (fig.2) . We expect that the main source of discrepancy is the error in the measurement of the channel geometry.
-Dynamic flow measurements
For a reed channel length to height ratio L/h around 4 the flow hesitates between reattachment and separation over the entire length. When the reed closes (dh/dt<O) the displacement of air by the reed is equivalent to an injection of air in the separation region which will encourage separation. Hence if upon static conditions full separation would not have occurred it may occur as a result of the motion of the reed. This will strongly influence the hysteresis in the hydrodynamic force which in absence of acoustic feedback and strong inertia should be responsible for the maintenance of the reed oscillations /2/. We expect that as a result of such effects the volume flux trough the reed channel might differ significantly from the stationary flow even at low Strouhal numbers Sr = f h w L/$ ( f is the oscillation frequency). In order to -measure 2 these effects we placed a circular valve on a short tube (length 4cm, cross section 2.8 x 2.8 cm )between two large rooms (> 60m3) (Fig.3) . The oscillation frequency was 34.4 Hz. The reed channel length L was 2.2 mm. The flow was measured by means of a hot wire placed across an orifice (diameter 0.7 cm) at the end of the tube. The measured flow was corrected for the air displacement of the reed $bd=-(n~2/4)(dh/dt) (D = 28 mm is the valve diameter). h was measured optically. The Bernoulli flow $bB was calculated from 2 equation (2). The pressure po-pm was estimated by subtracting the total pressure (1/2)p U from the measured pressure difference over the wall (Fig. 3) . U is the velocity measured by the hot wire. Typical measurements shown in Fig. 4 indicate that $d is a significant correction. For Strouhal numbers of 0.01 after this correction we still observe a hysteresis in the volume flux. While stationary flow measurements agree well with our theory there is a significant discrepancy between the dynamic flow and the stationary flow. Further experiments are now undertaken to investigate a possible hysteresis introduced in our data by the flow measuring orifice. However these experiments indicate that even for low Strouhal numbers the flow might not be accurately described by a quasi-stationary model. Experiments carried out on an artificially blown clarinet with the set-up designed by Meynial /6/ indicate similar hysteresis (Fig. 5) . The Strouhal number Sr=0.001 is very low but there is still some hysteresis indicating an essentially unsteady flow. The interpretation of these experiments are however even more difficult than for the valve because we measured the local velocity in theflmouth") ahead of the entrance of the reed channel rather than the volume flux . We cannot correct t ! I e measurements for the air displacement by the reed. In order to reduce this effect we measured close to the entrance of the reed channel (0.5 mm upstream). Data obtained at a larger distance (3.0 mm) show a much larger hysteresis due to the flow induced by the reed motion. The flux through the reed was estimated by assuming that the flow is two dimensional (line source). The Uncertainty in the distance is 0.2 mm. Hence the volume flow is estimated with an accuracy of only 50%. These results are not sufficient to draw any definitive conclusion.
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